SANGUAN SAPTHAVIGHAIKUL, KAj WISBORG, AND PER SKOVSTED ALTI-IESIN is a new non-barbiturate intravenous anaesthetic. It is a mixture of two steroid compounds, both rapidly metabolized in the liver. 1 It has some cardiovascular actions similar to those of thiopentone and methohexitone in that it produces myocardial depression and hypotension 2 and reduces intracranial pressure and cerebral blood flow. a,4 However, it differs from barbiturates in several ways: ( 1 ) it has a much higher therapeutic index, (2) it is free from vascular irritation even when administered intra-arterially, and (3) it causes marked tachycardia in therapeutic doses. 5 Since no studies have been made on the effect of Althesin on central circulatory control mechanisms, we have done so using the same technique as that used'in the study of barbiturates. 6 METHOD Fourteen cats were used in the experiments. They were initially anaesthetized with halothane by mask while a femoral artery, a femoral vein and the trachea were cannulated. Halothane was then discontinued and 2 to 4 mg of decamethonium was given intravenously and repeated every half hour throughout the experiment. Respiration was controlled with a Phipps and Bird small animal respirator delivering 50 per cent nitrous oxide and 50 per cent oxygen. Total flow to the respirator was 4 litres/min. A 5-1itre reservoir bag with pop-off valve was interposed in front of the respirator to permit escape of excess gas. Sympathetic nervous activity was recorded from teased strands of preganglionic fibres of the left cervical sympathetic trunk, divided just below the superior cervical ganglion. Details of the method have been described elsewhered To test barostatic reflexes initially and after the administration of Althesin, epinephrine 5 mcg was given intravenously. Only fibres initially showing inhibition in response to the elevation in arterial pressure were studied.
animals were placed on a heating pad so that rectal temperature measured with a Yellow Springs thermister might be kept at 37--38 ~ C. The following parameters were recorded on a Grass polygraph: arterial pressure, mean arterial pressure, end-tidal CO2, sympathetic nervous activity in impulses per second, and pulse rate measured by a Tachograph triggered by the pulse wave.
EXPERIMENTAL PROTOCOL
Eight "normal" animals were studied. A "normal" animal is defined as one in which only the sympathetic trunk was sectioned. In three of these barostatic reflexes were tested five minutes after the administration of Althesin by increasing the arterial pressure with epinephrine 5 mcg. Four baroreceptor-denervated animals were studied. Each animal received in sequence four iniections of Althesin at 30-minute intervals. The carotid sinus, aortic depressor and vagus nerves were sectioned surgically in these animals prior to the administration of Althesin. Two animals were placed in a stereotaxic frame under halothane anaesthesia and midcollicular decerebration was performed by blunt section as the brain stem was approached by gentle retraction on the occipital lobe following the bony tentorium cerebelli. When decerebrate rigidity had occurred the animals were treated as "normals" but received no nitrous oxide. In all instances Althesin was given as a bolus injection intravenously at 0.1 ml/Kg body weight. All variations are expressed as standard errors of the mean. All statistical analyses were performed using paired t-tests. A p value below 0.05 was considered statistically significant.
RESULTS

Normal animals
The response of sympathetic nervous activity, mean arterial pressure and pulse rate to Althesin are shown in Tables IA, IB, IC and in Figures 1 and 2 . After iniection of Althesin a marked decline in sympathetic activity was noted from 104.0 ---15.8 to 7.5 --+ 4.6 impulses/sec (p < 0.001 ). Mean arterial blood pressure declined from 155.6 -5.1 to 118.4 -7.1 torr (p < 0.001). Simultaneously the pulse rate began to increase and after one minute when sympathetic activity was still depressed to 17.4 -5.7 imps/sec (p < 0.001) and mean arterial blood pressure also remained somewhat depressed at 139.6 --+ 9.0 torr (p < 0.05), the pulse rate had increased from 182.3 --+ 7.7 to 204.0 ---9.1 beats per minute ( p < 0.02). Mean arterial blood pressure returned to a level not significantly different from the initial level within five minutes, while sympathetic activity was still markedly depressed. Sympathetic nervous activity did not return to a level approximating initial values until 20 minutes after the iniection of Althesin. Heart rate returned to normal after 15 minutes.
Denervated animals
Since Althesin has no cumulative effect 4 it was feasible to do four experiments in each of the animals studied. The number and sequence of Althesin administrations is described previously in the experimental protocol. The initial effect of Althesin on sympathetic nervous activity and arterial pressure was similar to that found in normal animals. (Tables IIA,B,C and Figures  I and 3) . Sympathetic nervous activity fell from 134.3 -19.6 to 18.9 -4.3 imps/see (p < 0.001) and mean arterial blood pressure from 163.1 -3.3 to 114.6 ---4.3 torr ( p < 0.001 ). The recovery time of the sympathetic nervous activity was 20 minutes as in normal animals; the recovery time of arterial pressure was five minutes. There was, however, one marked difference in the response of arterial pressure from that seen in normal animals, in that an over-shoot in blood pressure was always observed. This occurred in animals 9, 10 and 11 after 10 minutes, and in animals 10, 11 and 12 after five minutes, a time when sympathetic nervous activity had not returned to normal. Pulse rate declined significantly from 211.6 -4.0 to 202.3 -3.7 beats/ min in the first minute (p < 0.001) and had returned to the initial level after five minutes. The sympathetic impulses occurred in bursts, giving the curve a saw-toothed appearance; Althesirt did not abolish the bursts but diminished sympathetic activity, arterial pressure and pulse rate. A marked overshoot in arterial pressure was observed a few minutes after injection of Althesin at a time when sympathetic nervous activity was still depressed and pulse rate unchanged from the initial level.
Decerebrate animals
In one animal the administration of Althesin caused sympathetic activity to fall from 75 to 37 imps/see, mean arterial blood pressure from 140 to 128 tort and pulse rate to increase from 164 to 176 beats/min. Return time to controls of sympathetic activity was 18 minutes, of mean arterial blood pressure one minute and of pulse rate 19 minutes. In the other animal sympathetic activity fell from 200 to 135 imps/see, mean arterial blood pressure from 112 to 99 torr and pulse rate increased from 138 to 145 beats/minute. Return times to normal were nine minutes, four minutes and 12 minutes respectively.
Barostatic reflexes
Barostatic reflexes were tested by the intravenous injection of epinephrine 5 meg in animals 6, 7 and 8, five minutes after Althesin; a time when sympathetic activity was still depressed. In all cases the increase in arterial pressure produced a marked decline in sympathetic activity, indicating active barostatic reflexes.
DIscussioN
Our primary objective was to study the effects of Althesin on the circulatory control mechanisms by a method previously used in studies of short-acting barbiturates. This would enable us to make a comparison between these two chemically different induction agents. Like barbiturates, Althesin produced a marked depression in sympathetic nervous activity accompanied by a simultaneous decrease in arterial pressure. With short-acting barbiturates the depression in sympathetic activity was found to be a probable cause of the blood pressure decline, since sympathetic nervous activity closely mimicked the changes in arterial pressure during both induction and recovery. ~ With Althesin the depression in sympathetic activity also accompanied the initial hypotension but, unlike the barbiturates, recovery of arterial pressure after Althesin did not accompany recovery of the sympathetic nervous activity, since arterial pressure returned to normal within a few minutes while the return of sympathetic activity was greatly delayed. Cardiac rate was elevated after Althesin injection, and remained elevated for an intermediate period. Campbell, et al. n showed that Althesin has a vagolytic action, since the tachycardia could be prevented by the previous administration of atropine. This is in agreement with our finding that Althesin only produces tachycardia in normal and not in denervated animals with severed vagi. One might be tempted to assume that the faster recovery of arterial pressure as compared to recovery of sympathetic activity might be due to the tachycardia, but this is ruled out by the fact that denervated animals did not exhibit tachycardia but reacted otherwise in the same way as normal animals. Prys-Roberts and Fo~x studied the cardiovascular effects of Althesin on hypertensive patients and found transient hypotension, tachycardia and decreased stroke volume but unchanged cardiac output and total peripheral resistance, s The finding of an unaffected total peripheral resistance is remarkable in view of the observations by Doenicke et al. 9 that Althesin causes release of histamine and of our findings that there is diminished sympathetic tone, both of which should cause vasodilatation.
Studying barostatic reflexes in cats, and using Althesin in a dose eight times greater than we did, Dodds and Twissel 1~ found that the reflex bradycardia produced by intravenous administration of epinephrine was greatly reduced or abolished compared to the pre-anaesthetic control. This is in no way in contradiction with our findings of preserved barostatic reflexes as we only administered epinephrine at a time when sympathetic activity was present, which could hardly have been the case after the large dose of Althesin used by Dodds and Twissel. What makes their study so interesting is the finding that the same dose of epinephrine results in a much longer-lasting hypertension after Althesin than during the control period, indicating either a sensitization of adrenergic receptors in the peripheral vasculature or interference with the metabolism and/or re-uptake of the sympathetic humoral transmitter. With this in mind, it now can be explained why arterial pressure returns to normal and total peripheral resistance remains unchanged in spite of decreased sympathetic tone, since the action of .the lower sympathetic tone is compensated for by an enhanced action of the released catecholamines. An enhanced action of released eatecholamines would likewise explain the overshoot in arterial pressure seen in our denervated animals after the initial brief hypotension caused by the myocardial and sympathetic depressant effect of Althesin. The fact that normal animals seldom showed an overshoot in arterial pressure is in no way in contradiction with an enhanced action of catecholamines, since normal animals had preserved barostatic reflexes which would buffer any tendency to an increase in arterial pressure. Since decerebrate animals responded to Althesin in a manner similar to the normal ones, the site of action for the sympathetic depression is presumably the vasomotor centre in the medulla oblongata.
In its action on the circulatory control mechanisms, therefore, Althesin resembles the short-acting barbiturates in depressing sympathetic nervous activity by an action on the vasomotor centre and preserves barostatic reflexes, but differs from the barbiturates in that the sympathetic depression is counteracted by a vagolytic action of Althesin and enhancement of the action of catecholamines, factors which both serve to restore circulatory homeostasis in spite of a continuing depression of sympathetic nervous activity.
The findings of Child, et al. 1 that there is no cumulative effect after repeated doses of Althesin was confirmed by our study in denervated animals where arterial pressure, sympathetic nervous activity and pulse rate invariably returned to the initial level after multiple injections.
The clinical implication of our findings is that an extraordinary degree of hypotension is to be expected in individuals relying on high sympathetic tone and/or normal pulse rate to maintain sufficient cardiovascular function. This has already been shown by Harrison and Sellick n in patients with valvular heart disease, where Althesin as induction agent produced a 40 per cent decline in arterial pressure. This should not be unexpected as patients with valvular heart disease are known to respond to tachycardia with decreased cardiac function, including cardiac failure. Patients with high sympathetic tone necessary to maintain circulatory homestasis such as in hypovolaemia or in shock likewise may be expected to have an excessive decline in arterial pressure if anaesthesia is induced with Althesin.
In sufficient concentrations all commonly used inhalational anaesthetic agents are known to increase intracranial pressure and this might be hazardous during neurosurgical procedures. The findings of Child, et al., a confirmed by our study, that no cumulative effect occurs after repeated doses of Althesin and the fact that Althesin reduces intracranial pressure/indicate that Althesin either in repeated doses or as an intravenous drip might be an ideal neurosurgical anaesthetic.
SUMMARY
We have studied the effects of Althesin on preganglionic cervical sympathetic nervous activity, arterial pressure, pulse rate and barostatic reflexes in cats. Normal, baroreceptor denervated and decerebrate animals were studied. On the basis of our finding it is concluded that Althesin severely depresses sympathetic nervous activity by action on the vasomotor centre. The depression of arterial pressure however was only moderate due to two compensatory mechanisms: a vagolytic action of Althesin and a peripheral vascular effect believed to be caused by an enhanced action of catecholamines caused by Althesin. Barostatic reflexes were found active under conditions where Althesin did not totally abolish sympathetic tone. R~SUM~ Nous avons 6tudi6 les effets de ralthesin sur l'activit6 nerveuse pr6ganglionnaire cervicale sympathique, la pression art6rielle, la fr6quence cardiaque et les r6flexes des baror6cepteurs chez le chat. Les 6tudes ont ~t6 effectu6es chez des animaux normaux, d6c6r6br6s et dont les baror6cepteurs avaient 6t6 d6nerv6s. D'apr6s les r6sultats, nous pouvons conclure que ralthesin d6prime de fa~on importante l'activit6 nerveuse sympathique par son action sur le centre vaso-moteur. La diminution de la pression art6rielle 6tait cependant peu marqu6e, due ~ des m6canismes compensateurs: fr6quence d'une action vagolytique de ralthesin et d'un effet vasculaire p6rip6rique possiblement dt~ ~ l'action amplifi6e des cat6cholamines caus6e par l'althesin. Les r6flexes ~t partir des baror6cepteurs 6taient presents dans les conditions o~ l'althesin n'avait pas aboli compl6tement le tonus sympathique.
